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In recent decades, the stability of large power system has attracted much attention. There are many 
different factors that leading to power system collapse and cause large area blackouts. For example, 
as demands of consumption grows, the influence of harmonic components and reactive power 
constraints may cause failure in the power system (Jiao 2011).These factors are usually very difficult 
to predict in the real world. One of the most important parts of modern power system is the 
transmission line. With the increased demand for electricity and the scale-up of power networks, the 
number of long distance transmission lines has increased. They are exposed to different 
environments such as different weather conditions such as high temperatures or lightning and 
different terrains such as mountains or canyons. When a line outage happens, it can be very hard to 
detect the fault’s location and searching and replacing the power line may take quite a long time. 
This can cause inestimable damage to customers and nations. Even after successfully restoring the 
power, continuous monitoring of the power system is still needed. Improved monitoring of the 
power system status could avoid future failure events that could render significant losses to the 
economy.  
The recent method called synchronized phasor measurement allows for real-time monitoring of the 
entire power system and therefore can be used to detect faults as they occur. Actually, it is the only 
method that can observe multiple buses in the power system. One such application is the detection 
of line outages in remote or unobserved parts of the system (Mahoney 2011). A novel algorithm 
based on DC power flow which can detect line outages effectively will be introduced in this thesis 
report. Reviewing the concept of DC power flow is an essential part of this report. The simulation 
softwares used in the report are Power Factory and MATLAB. Finally, the efficiency of the novel 
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Chapter 1 Introduction 
1.1 Introduction  
Modern power systems are among the biggest and most complex systems today. Therefore complex 
algorithms are required to control and operate the entire power network. Complexity brings with it 
a difficult problem, which is to determine the status of the power system at any specific time. In the 
last decades, the frequency of large blackouts has increased with the development of power systems.   
Investigations have identified one of the important factors causing these occurrences which are that 
operators who work in the network control centres lack situational awareness and decision support. 
The introduction of phasor measurement units (PMUs) should relieve these problems, as previous 
network monitoring devices have not used direct measurement and have not been time correlated. 
PMU devices usually measure data such as voltage and current magnitudes and angles. Each PMU 
device operates under a common time source and every PMU can be synchronized to each other, 
which explains why PMUs are also called Synchrophasor Measurement Units (Phadke 2002). 
Phasor Measurement Units (PMUs) were first introduced in the 1980s, after the appearance of 
Symmetrical Component Distance Relays (SCDRs) in the 1970s (Phadke 2002). The research into 
SCDRs afterwards led to the development of the Symmetrical Component Discrete Fourier 
Transform (SCDFT). The SCDFT led to a new technique that could calculate the positive sequence 
voltage and current more quickly and accurately than previous methods.  
Most of researchers believe that exact measurements are more practical than protective relaying. 
Using different PMU devices in multiple locations will be possible in the future, and these can be 
used to detect line faults. At first, the lack of a common time source made direct comparison of 
phasor measurements impossible. The application of synchronized phase measurements became a 
reality in 1978 with the introduction of the Global Positioning System (GPS) (Mahoney 2011). GPS 
makes measurements under a common time source possible.  Thus, Mahoney concludes that 
“measurements taken relative to the GPS clock could be aggregated at a common location called a 
phasor data concentrator and aligned so that the absolute time reference was coincident between 
all measurements” (Mahoney 2011). Virginia Tech made the first PMU with GPS in the world 
(Mahoney 2011). 
This thesis will describe the development of a method based on the use of phasor measurement 
units to detect line outages. The theory will be explained using a simple example and then tested on 
a more complex system.  
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1.2 Large Blackout Cases 
This section will describe several famous blackout cases. They each had serious consequences and 
affected millions of people.  
The first and most famous case is Northeast blackout of 2003 (Wikipedia 2014). The Northeast 
blackout occurred in the USA on 14 August 2003. It was a severe interruption of power supply event, 
and was the world’s second most widespread blackout event up to that time. This accident had a 
wide-spread influence on 10 million people in Ontario, Canada, and 45 million people across eight 
states in the United States. The blackout began around 4:10 pm, with some areas restored by 11pm. 
However, some districts did not have power restored until 2 days later. The original cause of this 
blackout was a software bug in the alarm system, which was located in Ontario. The operator was 
not aware of the overloaded transmission lines and failed to redistribute power on time, which 
caused a race condition. The U.S and Canadian governments reported that this failure led to more 
than 508 generating units and 265 power plants being shut down. The normal operation load was 
28,700 MW; however, during the fault the load dropped by almost 80% to 5,716MW. The back-up 
generation couldn't be used during the fault. While the telephone network was still working, it 
eventually also broke down due to the high usage rate. The water supply system lacked pressure and 
their pumps lacked power, so millions of people were forced to maintain their standard of living by 
boiling water. The district temperature during the fault was more than 31  degrees; many people 
were using fans or air-conditioners, and the resulting high currents flowing through the transmission 
lines may be another key cause of the transmission fault.  
The second blackout was located in New York City, and happened around 8:37pm on July 13 in 1977 
(Wikipedia 2014). During the blackout, the incidence of crime increased dramatically in New York. 
Giacomoni recorded that the damage from looting and arson alone came to a total of US$155 million 
- roughly half the total economic cost of the blackout (Giacomon 2011). These figures highlight the 
potential social and economic costs caused by wide area power outages. 
The third case considered here is the 2005 Java–Bali Blackout (Wikipedia 2013). This large blackout 
in Indonesia occurred on 10:23 am, August 18, 2005, and caused 100 million people to be without 
power across Bali and Java. The power was restored by 5 pm on the same day. The cause of this 
accident was a transmission line failure between Cilegon and Saguling, which then led to cascading 
failures that shut down two units of the Paiton plant in West Java and six units of the Suralaya plant 
in West Java. The power that was available during the fault was less than half of the original supply. 
Although PLN Company apologized for this accident and promised to compensate 293,235 
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customers who were affected by this blackout, the blackout caused incalculable losses since all 
industry and transportation were shut down. 
The final cases are two serious blackouts that happened on July 30 and 31, 2012 in India. On 30 July, 
the blackout affected over 300 million people in total. On 31 July, an even bigger power blackout 
happened, which affected more people than a previous accident in 2001, and became the largest 
power blackout in history. Over 620 million people were affected by this event, which was half of the 
population in India and 9% of the world’s population. Power was restored between 31 July and 1 
August 2012.  
These accidents happened as circuit breakers tripped in the system, and power failures cascaded 
through the grid. All the main power stations were shut down after the failures. During the first 
blackout, a senior director for an Indian power company described the outage as "a fairly large 
breakdown that exposed major technical faults in India's grid system. Something went terribly wrong 
which caused the backup safety systems to fail. Railways and some airports were shut down until 
08:00am (Wikipedia 2014) .Only Indira Gandhi International Airport, Delhi, stayed open during these 
two days. Most hospitals relied on their own generators to maintain partial service. The 
transportation system in India was also non-operational. Millions of people could not get drinking 
water because the water pumps were not working. Only the oil refineries kept working, because 
they did not depend on the Indian power grid. 
The power system blacked out again on 31 July 2012 even after the utilities had restored 80% of the 
service by the end of the day on 30 July 2012. This time nearly two times the number of people was 
affected by the outage. 
These cases show that emergency power shut downs may cause irreparable economic losses to the 
society, including threats to the lives of people, since the power outages can disrupt water supply 
systems and medical care systems. So research into detecting line outages and building successful 







This project has the following aims: 
 To find and develop an algorithm that can use network voltage phasors obtained from PMUs to 
detect the existence of an outage event, and to find the location of that outage; 
 To extend the algorithm so that it can detect and locate multiple faults; 
 To extend the algorithm so that it can detect outages using only a relatively small number of 
PMUs in the network, and, for a given network, to identify the best locations for these PMUs in 
order to obtain accurate detection and location with a minimum number of PMUs. 
1.4 Thesis Outline 
This thesis will propose a method that uses Phasor Measurement Units to detect single and double 
line outages. The thesis is divided into six chapters, excluding the appendices. Following this 
introductory chapter, Chapter 2 reviews the literature on approaches to line outage detection, 
including important results from published papers, including optimal placement of PMUs. Chapter 3 
illustrates what is DC power flow and how to calculate power flow in an AC power system. A novel 
algorithm to detect line outages is introduced in this chapter, including the results of a simple three-
bus system. Throughout chapter 4, the implementation of the algorithm will be explained with the 
aid of a flow chart. Descriptions will be given of the simulation software packages that were used in 
this thesis, which were MATLAB and PowerFactory. Chapter 5 summaries all results of this project, 
including the results from simulated outages on an eight-bus system. Chapter 6 concludes the 
project and proposes future improvements to the line outage detection algorithm. The Appendices 









Chapter 2 Background and Literature Review 
2.1 Background 
A power system includes generators, loads, transmission lines, and buses. To maintain the normal 
operation of a power system, making sure that every element is working normally is very important. 
Customers are connected by hundreds of transmission lines and other different elements. The key 
aims of the power system are to delivery stable power to the customers all the time and to maintain 
the reliability and stability of the large power delivery system. It is important to monitor the status of 
the power system, otherwise incorrect decisions could be made during a fault because the line 
outages are not detected in time.  
There are different ways to monitor the status of the system. Generally, the basic parameters for 
monitoring the system are voltage and phasor angles of each bus. Combining the measurements of 
power system by a monitoring system makes it possible to detecting line outages more accurately.   
The Quickest Change Detect (QCD) Method is a real-time detection method for transmission line 
outage (Taposh Banerjee* 2014). Although QCD methods do not produce very accurate results. They 
enable detection of outages is less than one third of a second (Taposh Banerjee* 2014).   
Due to the increased size of the power system and the large demand from customers, there are also 
other methods used to monitor the stability of power system without phase angles and bus voltage 
that has been proposed in recent years. 
2.2 Literature Review 
Detecting line outage in power systems has been a popular research topic for several decades. The 
following are different methods which have been published in recent years. 
2.21 Wide Area Monitoring System (WAMS) 
The main aim of the Wide Area Measurement System(WAMS) is that of provides a more complex 
knowledge about wide area power system. Hadley describes a method that uses a WAMS to 
complement a SCADA system for understanding and controlling large power systems (Phadke 2002). 
WAMS can effectively increase the situation awareness and situational analysis by providing real 
time data. The first WAMS only used line flow measurements to detect fault situations in the power 
system (Phadke 2002).  
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2.22 A Quickest Change Detection Approach (Taposh Banerjee n.d.) 
To solve the line outage detection problem, this paper concentrates on developing an algorithm 
which is based on the statistical quickest change detection method. 
2.23 PMU Placement (Shi 2014) 
The PMU device has been an effective tool for detecting line outages in power networks. With the 
high cost of installing PMU into every bus, the topic of choosing optimal locations for PMU devices 
has been very popular. This could be an effective method to alleviate the economic pressures for the 
society. 
Zhu and Shi’s (Shi 2014) paper introduces three kinds of ways to find the optimal location of PMU 
devices -linear programming reformulation, greedy heuristic and branch-and-bound algorithm. The 
quickest and easiest methods would be linear programming reformulation. Zhao (Z.Zhao 2011) 
compared different methods of PMU placement constrained by sensitivity indices, which actually 
improved every method to some extent. 
It has been shown that installing phasor measurement units into one third of buses is enough to 














Chapter 3 The Line Outage Detection Algorithm 
3.1 Review of DC Power Flow 
In general, power networks are modeled as a network of interconnecting linear elements. In spite of 
the fact that the elements are linear, power is a nonlinear function because it involves the 
multiplication of two variables, voltage, and current. Consequently, power flow analysis is a non-
linear process: usually it involves repeated calculations within an iterative algorithm before a 
solution is obtained. This can be very time consuming, especially when multiple analyses are 
required, as is required when trying to optimize the network for some specific purpose. 
One way to reduce computing time to use a linear approximation, so that repeated calculations can 
be avoided and solutions can be found using efficient techniques from linear systems theory. 
However, to be useful, the linear approximation must focus on critical relationships in the network, 
and it has to be accurate enough to give meaningful results that lead to practical predictions of real 
world behaviour. 
In an electrical power network, the purpose of the network is to provide power flow from sources to 
loads. The network parameters which are most closely associated with power flow are power angles 
between adjacent buses. Consequently, the useful approach to find a suitable linear approximation 
to a power network is looking for a linear relationship between power and power angle.  
Considering  the power transmission between two buses, as shown in figure 1, where the voltage at 
buses 1 and 2 are given by   =  ∠  and  =  ∠   respectively. 
 
Figure 1 Simple two-bus circuit diagram 
Assume the impedance of the transmission line is purely reactive. The active and reactive power 
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Under normal operating conditions, the voltage at all buses would be near their nominal values, so 
their per unit values are close to 1. Under these conditions the power flow equations become: 
{
  
          
 
  
            
 
                                                                                                                                                (2) 
If we further assume that the angle difference |  -  |is small, then cos (  -  ) 1 and sin    -  ) 
   -    where the angles are given in radians. The power flows simplify still further to, 
{
  
     
 
   
                                                                                                                                                             (3) 
The first equation is similar in form to Ohm’s law, where the angles   are analogous to node 
voltages, X is analogous to resistance, and P is analogous to current, as shown in figure 2. 
 
Figure 2 Simplified circuit diagram 
This approximation converts a power system, which could generally be represented by complex 
impedances and phasor voltages and currents, into a dc network of resistances and scalar voltages 
and currents. 
3.2 Novel Line Outage Detection Method 
Consider a system with N buses. Under steady-state conditions, the bus voltages can be represented 
as phasors, {     ∠          }. 
Under most operating conditions, the rms values for the bus voltages should be near their nominal 
values. Under these conditions the critical feature will be the bus angles. If we assign the slack bus as 
bus N, and make this the reference bus, then we can define the vector of bus angles as: 
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In practice, these phase angles can be obtained from synchrophasors. In this proof of concept study, 
the phase angle data will come from a load flow program, such as Power Factory or Power World. 
If a line drops out, then this will cause a change in the phase angles, such that 






   
   
 
 
    











   
   
 
 
    







Each line outage will cause a different change in the phase angles. 
One possible approach to detecting which line has dropped out is to perform simulations where 
each line in turn is removed, and the change in phase angles recorded: 
{                 ,…,         },where L is the number of lines in the network. The line that drops out 
will then be line l, where          is the vector that is closest to the original phase angle difference 
vector  . In mathematical terms, this can be written as                                 
The notation ||.|| represents a measurement of the error between two vectors. One possible 
measurement of error is the sum of the square of the differences between the corresponding 
elements in each vector. That is: 
||  -        ||=√                   
                           
  
The program that calculates phase angles should be simple, so it can provide comparisons in real 
time. A simple estimator of phase angles is based on the DC power flow approach (Andersson 2008). 
In this approach, it is assumed that the lines are lossless, and that the bus voltages are all at 1.0 per 
unit. Under these conditions, the active power flow along a line l is given by 
   





where the power flows through a line with reactance X, from bus “from” to bus “to”, as shown in 
figure 3. 
  
Figure 3 Power Flow Circuit Diagram 

















       
   



















   is the power injected into bus i.     are admittances. In the case of an element of reactance X 
connected between buses “from” and “to”, 1/X will be added to cells (from, from) and (to, to), while 
-1/X will be added to cells (from, to) and (to, from). If a generator is connected to bus I then    will 
be positive; if a load is connected to bus i then    will be negative. 
















         
   



















3.3 Novel Line Outage Detection Example 
To prove the utility of phasor measurement unit theory introduced above, a three-bus system and 
an eight-bus system will be explained in this part. The reason for choosing the three-bus system is 
because this system only contains 3 buses, which makes it feasible to hand calculate all matrices. 
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Moreover, 3 branches are easy to detect under power outage conditions. The eight-bus system from 
lecture materials in ENG 348 in Murdoch University will be used because it is complex enough to test 
the theory and faults are not easily detected under specific conditions. 
3.31 Three-bus Example (Detect Single Line Outage) 
Consider the actual three-bus system shown in figure 4, which includes a generator and two loads. 
The line reactance is given, along with the active power values of generator and loads- the reactive 
powers will be ignored in the dc network. All values are in per unit on a 100MW base, and frequency 
is 50 Hz. All the data information can be found in the appendix, which is shown at the end of the 
report.   
 
Figure 4 Three-bus System Circuit Diagram 
A power flow analysis is carried out using Power Factory, using a voltage base of 11 KV and a 
generator terminal voltage of 1.0 per unit. The bus voltages are shown in Table 1. 
Table 1 Normal Operating Conditions obtained from Power Factory 
Bus Voltage (p.u.) Angle (degrees) 
1 0.94 -3.18 
2 0.96 -1.92 
3 1.0 0 
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Power flow analyses are also carried out on cases where each line in turn is removed, thereby 
simulating an outage of that line. The results are shown in Table 2, which also includes the angle 
changes from the normal operating conditions. 
Table 2 Outage Situation Results from Power Factory 
Line Outage Bus Voltage (p.u.) Angle (degrees) Angle change 
1-3 1 0.87 -6.73 -3.55 
2 0.93 -3.2 -1.28 
3 1.0 0.0 0 
1-2 1 0.9 -5.51 -2.33 
2 0.98 -1.11 +0.81 
3 1.0 0.0 0 
2-3 1 0.83 -9.5 -6.32 
2 0.79 -12 -10.08 
3 1.0 0.0 0 
 
These results will be treated as if they are synchrophasor data from an actual network.  
The circuit that will be used in the DC power flow analysis is shown in figure 5. 
 
Figure 5 Three- bus System Power Flow Circuit Diagram 
The power flow equations are 
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Using bus 3 as the reference bus leaves only two equations to be solved: 
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Removing each line in turn gives the following results. Although we could still using the inverse 
matrix to find these solutions, because there is no longer a closed loop, it is easier to solve the 
equations directly 
Removal of line 1-3: 
  =0-0.02            radians 
   =-4.47  
                        radians 
           
Removal of line 1-2: 
  =0-0.04    =-0.1 radians 
   =-5.73  
                     radians 
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   =-1.6  
Removal of line 2-3: 
  =0-0.04            radians 
   =-8.94  
  =            =-0.191 radians 
   =-10.94  
These results are summarised in Table 3 
Table 3 Calculated Angle Changes for each Outage 
Line Outage Bus              
1-3 1 -8.05 -4.27 
2 -4.47 -1.89 
1-2 1 -5.73 -1.95 
2 -1.6 +0.98 
2-3 1 -8.94 -5.16 
2 -10.94 -9.36 
Fault Detection 
Now consider the case where line 1-2 goes out of service. From the Operations Centre, assume the 
researcher do not know which line it is, but it returns the angle changes 
Bus    
1 -2.33 
2 +0.81 
This detection algorithm will compare these changes with each of the possible fault scenarios that 
have been stored in Table 3. Whichever scenario gives phase angle changes that are closest to the 
measured data will be taken as the fault event. The measure of fit between the actual data and the 
DC power flow data will be calculated using equations below 
E=√              
                
                                                                                                     
The results are displayed in Table 4. 
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Table 4 Calculating Errors between Actual and Calculated Angle Changes 
Line Outage Bus           E 
1-3 1 -2.33 -4.27 3.32 
2 +0.81 -1.89 
1-2 1 -2.33 -1.95 2.72 
2 +0.81 +0.98 
2-3 1 -2.33 -5.16 10.56 
2 +0.81 -9.36 
 
From the results in Table 4, the detection algorithm would select the minimum E, and conclude that 
the outage occurred on line 1-2, which in this case is the correct answer. 
Now, considering other two cases which is line outage happened on line 1-3 and 2-3.  
Firstly, the case where line 1-3 goes out of service. From the Operations Centre, we do not know 
which line it is, but it returns the angle changes 




Table 5 Calculating Errors between Actual and Calculated Angle Changes 
Line Outage n           E 
1-3 1 -3.55 -4.27 0.94 
2 -1.28 -1.89 
1-2 1 -3.55 -1.95 1.63 
2 -1.28 +0.98 
2-3 1 -3.55 -5.16 8.24 
2 -1.28 -9.36 
It is obviously that the error value of line 1-3 was smallest. So line 1-3 would be the outage line in 
this case. 
Now consider the case where line 2-3 goes out of service. From the Operations Centre, we do not 








Table 6 Calculating Errors between Actual and Calculated Angle Changes 
Line Outage n           E 
1-3 1 -6.32 -4.27 8.44 
2 -10.08 -1.89 
1-2 1 -6.32 -1.95 11.89 
2 -10.08 +0.98 
2-3 1 -6.32 -5.16 1.37 
2 -10.08 -9.36 
For this case, line 2-3 has the smallest error value, so line 2-3 should be outage line. 
Before proceeding to test the algorithm on a larger network, it appeared that in this example the 
original phase angles were smaller than the angles calculated by the DC power flow equation. This 
could lead to calculated angle changes that are always larger than the measures changes, and this 
could lead to incorrect detection. The differences are caused by the assumptions that were made in 
order to use the DC power flow equations. It may be possible to reduce these errors by using 
normalised angle changes. In this case we could normalise the values by dividing each angle change 
by the length of the steady-state phase angle vectors. That is, the measured angle differences are 
divided by  
√  
            
  
And the calculated (DC flow) angle differences are divided by  
√       







3.32 Three-bus Example (Detect Double Line Outage) 
Using the same algorithm to detecting multiple line outages, summary all the results  
Table 7 Summary Results for Three-bus System 
Line 
Outage 
n          Error 1          Error 2          Error 3 Detect 
Results 
1-3,1-2 1 -1.94 5.137 -4.26 7.84 -5.15 12.22 1-2 
2 0.97 -1.89 -9.36 







2 0.97 -1.89 -9.36 







2 0.97 -1.89 -9.36 
 
The detect results from MATLAB shows that the outage line was identified as 1-2 in all three cases 
because the error 1 results are always the smallest. The current program does not include cases of 
















Chapter 4 Implementation 
4.1 Basic Program Outline 
The main aim of this project is to detect and locate line outages correctly and quickly. Figure 1 below 















Figure 6 Basic Program Outline in MATLAB and Power Factory 
4.2 Software Introduction 
4.21 MATLAB 
MATLAB is the abbreviation of Matrix Laboratory, which was developed at the University of New 
Mexico in the 1970’s (Houcque 2005). In 1980, Cleve Moler rewrote MATLAB with more functions, 
including the famous plotting routines (Houcque 2005). Math Works Company was created in 1984 
using MATLAB to continually achieve more development in engineering, science, and economics 
area (Houcque 2005).The pace of development of the program has been amazing: more than one 
million people from industry, and education and research organisations had become users of 
MATLAB by 2004 (Houcque 2005).  
Build a basic circuit into Power Factory 
(simulated for real world power system 
conditions) 
Collect input data such as bus, line, 
generator and load into MATLAB 
simulation software 




Run the program as normal operating 
conditions 
Remove each line in turn and recording 
each bus voltage and phase angles 
Alter input data and calculate matrices 
such as impedance matrix and admittance 
matrix 
MATLAB will automatically give the results 
where is the line outage based on the code 
typed in  
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MATLAB plays a vital role in this project, where it is used to calculate impedance and admittance 
matrices for the novel outage detection method. This program is able to quickly solve the matrix 
calculations, especially in the repetitive loops used in the location algorithm. The data of bus, branch 
and other details of the testing system are input from a text file. The algorithms for each function 
are created and stored in  .m files. The outcomes will appear in a text file.   
All the programming code for this project is listed in the appendix at the end of the thesis.  
4.22 DIgSILENT Power Factory 
DIgSILENT Power Factory is an economical modern simulation, analysis and modeling tool used in 
power system analyses for more than 25 years (DIgSILENT Power Factory 2014). DIgSILENT Power 
Factory is used here to reduce execution time and promote highly-optimized powerflow. The 
software can be used to build large power systems and to simulate new technologies which may not 
be easy to implement in practice.  







Chapter 5 Project Result 
 
Figure 7 Eight-bus System Circuit Diagram 
To prove the accuracy of phasor measurement unit method described in chapter 4, an eight-bus 
system will be tested using the same detection algorithm. The results are detailed as follows. The 
steady-state voltages from Power Factory are given in Table 8, while the voltage following outages of 
each line in are given in Table 9. 
Table 8 Normal Operating Conditions of Eight-bus System  
Bus Voltage (p.u.) Angle (degrees) 
1 0.94 0.83 
2 0.94 -2.08 
3 0.95 -1.55 
4 0.95 -1.96 
5 0.99 -0.85 
6 0.98 -1.03 
7 0.95 -0.41 





Table 9 Outage Situation Results from Power Factory 
Line Outage Bus Voltage (p.u.) Angle (degrees) Angle change 
2-3 1 0.93 0.38 
-0.45 
2 0.93 -2.6 
-0.52 
3 0.96 -1.41 
+0.14 
4 0.94 -2.12 
-0.16 
5 0.99 -0.85 
0 
6 0.98 -1.01 
+0.02 
7 0.96 -0.28 
+0.13 
8 1.0 0.0 
0 
2-4 1 0.93 0.68 
-0.15 
2 0.93 -2.33 
-0.25 
3 0.95 -1.6 
-0.05 
4 0.95 -1.92 
+0.04 
5 0.99 -0.85 
0 
6 0.98 -1.05 
-0.02 
7 0.95 -0.46 
-0.05 
8 1.0 0.0 
0 
3-4 1 0.94 0.76 
-0.07 
2 0.94 -2.15 
-0.07 
3 0.96 -1.21 
+0.34 
4 0.94 -2.31 
-0.35 
5 0.99 -0.85 
0 
6 0.98 -0.97 
+0.06 
7 0.96 -0.08 
+0.33 
8 1.0 0.0 
0 
3-6 1 0.9 0.29 
-0.54 
2 0.9 2.9 
+4.98 
3 0.91 -2.44 
-0.89 
4 0.91 -2.69 
-0.73 
5 0.99 -0.86 
-0.01 
6 0.99 -0.93 
+0.1 




8 1.0 0.0 
0 
4-5 1 0.89 -0.31 
-1.14 
2 0.89 -3.59 
-1.51 
3 0.91 -2.77 
-1.22 
4 0.89 -3.61 
-1.65 
5 0.99 -0.87 
-0.02 
6 0.97 -1.28 
-0.25 
7 0.91 -1.52 
-1.11 
8 1.0 0.0 
0 
5-6 1 0.89 -0.06 
-0.89 
2 0.89 -3.33 
-1.25 
3 0.89 -2.92 
-1.37 
4 0.9 -3.07 
-1.11 
5 0.99 -0.87 
-0.02 
6 0.89 -3.24 
-2.21 
7 0.89 -1.63 
-1.22 
8 1.0 0.0 
0 
 
The complexity of the eight-bus system leads to a huge amount of data. A summary of the results is 











Table 10 Summary Results from Eight-bus System (1) 
Line Outage 
Bus        
         
2-3 
         
2-4 
         
3-4 
         
3-6 
         
4-5 
         
5-6 
1 -0.1035 -9.7717 -1.1367 -1.0483 -2.4430 -1.4578 
2 -0.1035 -9.7717 -1.1367 -1.0483 -2.4430 -1.4578 
3 0.0308 -0.2389 1.3010 -1.4153 -1.8065 -1.9681 
4 0.0303 0.2355 -1.2821 -1.0264 -2.4809 -1.4274 
5 0.0 0.0 0.0 0.0 0.0 0.0 
6 0.0061 -0.0471 0.2565 0.2053 -0.3561 -3.1310 
7 0.0308 -0.2389 1.3010 -1.4153 -1.8065 -1.9681 
 
Table 11 Summary Results from Eight-bus System (2) 
Line 
Outage 
Error 2-3 Error 2-4 Error 3-4 Error 3-6 Error 4-5 Error 5-6 Detect 
Results 
2-3 0.5902 13.1454 2.3585 2.3437 4.4495 4.6101 2-3 
2-4 0.2056 13.5406 2.6897 2.5219 4.7651 4.7285 2-3 
3-4 0.5409 13.7571 2.2471 2.9189 5.0148 5.0798 2-3 

























Error value which shown in this table was calculated from MATLAB by the equation above named 
error function. 
Under the eight-bus system, there are six possible single line outage cases. Removing each line in 
turn, only successfully detected line outages occurred for 2-3 and 5-6 outages. The accuracy is 
33.33%. Because of the low accuracy rate here, compare the results between each calculated phasor 
angles and error values found out the reason for lower accuracy due to the close value of calculated 
angle change. Another factor may because originally we assume the line was without resistors and 
the voltages are all equal to 1 p.u.  
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Chapter 6 Conclusions & Future Works 
6.1 Conclusions 
With the rapid growth in size and number of interconnections of utility power grids, the operation of 
these grids becomes more complex. This leads to an increasing possibility of large-scale blackouts 
caused by the combination of increased complexity and inadequate online monitoring of the grid. In 
order to avoid these blackout scenarios, any fault detection and correction method should be based 
on synchronized measurements across the entire power grid.  
The completely automated control of a typically large, interconnected power network is still some 
years into the future. But better systems of monitoring and control are necessary. A significant 
factor behind many large blackouts has been the lack of information and communications, which 
leads to a lack of situation awareness by the network operators. Such blackout cases may be caused 
by a single line outage. Mahoney states that “traditional power system protection schemes should 
prevent local area events from affecting the wider power system” (Mahoney 2011). Synchronized 
phasor measurements can be used to create a wide area monitoring system that can avert power 
disasters in the near future.   
The algorithm explored in this thesis is based on DC power flow assumptions. By using these 
assumptions, the detection algorithm can simulate a large number of fault scenarios in real time, 
and use these to detect and locate a fault whenever data from network PMUs indicate that a fault 
event may have occurred.  
In summary, this thesis proposes an algorithm which uses PMU devices to detect and locate line 
outages. To prove the practical possibilities of this algorithm, the outage detection algorithm was 
tested on 3 bus and 8 bus systems. The results from the 3 bus system gave correct locations of all 
possible line outages, while tests on the more complex eight-bus system gave 33.33% success rates 
on locating the outages.  
6.2 Simulation Results Compared with Real World Measurement 
An effective method for analysing the properties of power systems is computer simulation. But 
simulations by themselves cannot solve all the problems in a real power network. Real networks are 
more complex than the idealized models that are used in this thesis, including the linear DC power 
flow assumption.  Consequently, the outcomes predicted by using simplified models are unlikely to 
lead to perfect automated decisions.  However, when coupled with real-time data flows from PMUs, 
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the simplified models can help to inform the network operators of the likely consequences of actions 
taken by the operators in response to an initial outage, and this may help the operator to make 
better, more informed decisions, thereby reducing the risk of large scale blackouts.  
6.3 Future Works 
The algorithm investigated in this report can detect single line outage successfully. It can also detect 
multiple line outages,but with higher error rates. So, finding ways to modify the MATLAB algorithm 
to achieve higher accuracies for multiple line outages are worthy of study.  
PMU devices can measure the magnitude and phase angle of the voltage and current on every bus. 
The algorithm proposed in this thesis assumes that PMUs exist at every bus, so that all generator 
and bus information is known.  However, installing PMUs throughout the whole system is unrealistic, 
because of the high cost of installation. Consequently, there may be only a limited number of PMUs 
available for detecting outage events.  Given this incomplete information about the network, it 
would be interesting to investigate whether a network has critical locations, where PMU data at only 
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Appendix A MATLAB Simulate Code (Three-bus System) 
001 % 
002 %Main program 
003 % 
004 %Set up DC Power Flow Matrices 
005 % 
006 %Set number of buses 
007 Nbuses=3; 
008 Nbranches=3; 
009 %Initialize Branch and admittance matrices 
010 for i=1:Nbuses 
011     for j=1:Nbuses 
012     B(i,j)=0; 
013     end 
014 end 
015 for i=1:Nbuses-1 
016     for j=1:Nbuses-1 
017         Y(i,j)=0.0; 
018     end 
019 end 











031 %Compile Admittance Matrix 
032 for i=1:Nbuses-1 
033     for j=1:Nbuses 
034         Y(i,i)=Y(i,i)+B(i,j)+B(j,i); 
035     end 
036     for j=1:Nbuses-1 
037         if(j~=i) 
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038            Y(i,j)=-(B(i,j)+B(j,i)); 
039         end 
040     end 
041 end 
042 %This function compute the power angles from the admittance matrix 
043 %and the power vectors 
044 %LastRevision 
045 %Take inverse of admittance matrix 
046 Z=inv(Y); 
047 %Output Impedance Matrix 
048 fprintf('\nImpedance Matrix') 
049 for i=1:Nbuses-1 
050     fprintf('\n') 
051     for j=1:Nbuses-1 
052         fprintf('%6.2f ',Z(i,j)) 
053      end 
054 end 
055 %Calculate Power Angles 
056 for i=1:Nbuses-1 
057     delta(i)=0; 
058     for j=1:Nbuses-1 
059         delta(i)=delta(i)+Z(i,j)*G(j); 
060     end 
061 end 
062 %Output Admittance Matrix 
063 fprintf('\nAdmittance Matrix') 
064 for i=1:Nbuses-1 
065     fprintf('\n') 
066     for j=1:Nbuses-1 
067         fprintf('%6.2f',Y(i,j)) 
068     end 
069 end 
070 %Call function to compute power angles for steady-state conditions 
071 delta = powerangles(Nbuses,G,Y); 
072 %Output PowerAngles 
073 fprintf('\nPower Angles\n[') 
074 for i=1:Nbuses-1 






079 %Enter measured angle angles and then search for outage that could 
080 %cause this angle change 
081 % 
082 %Enter power angle changes from Actual Network in degrees 
083 angle_diff(1) = -1.87; 
084 angle_diff(2) = 0.83; 
085 % 
086 %Compute outage cases from DC Power Flow Equations 
087 for k= 1:Nbranches 
088     % 
089     %Remove Outage Branch from admittance matrix 
090     if(br1(k) <Nbuses)  
091        temp1 = Y(br1(k),br1(k)); 
092        Y(br1(k),br1(k)) = Y(br1(k),br1(k))-B(br1(k),br2(k)); 
093     end 
094     if(br2(k) <Nbuses)  
095        temp2 = Y(br2(k),br2(k)); 
096        Y(br2(k),br2(k)) = Y(br2(k),br2(k))-B(br1(k),br2(k)); 
097     end 
098     if((br1(k) <Nbuses)&&(br2(k) <Nbuses)) 
099        temp3 = Y(br1(k),br2(k)); 
100        Y(br1(k),br2(k)) = Y(br1(k),br2(k))+B(br1(k),br2(k)); 
101        temp4 = Y(br2(k),br1(k)); 
102        Y(br2(k),br1(k)) = Y(br2(k),br1(k))+B(br1(k),br2(k)); 
103     end 
104     % 
105     %Compute new power angles 
106     delta_fault = powerangles(Nbuses,G,Y); 
107     % 
108     %Compute angle difference from steady-state and convert to degrees 
109     delta_difference = (delta_fault - delta)*180/pi; 
110     fprintf('\nPower Angles\n[') 
111     for i=1:Nbuses-1 
112     fprintf('%7.4f',delta_difference(i)) 
113     end 
114     fprintf(']\n') 
115     % 
116     %Compute error metric for kth outage 
117     E(k) = 0.0; 
118     for i=1:Nbuses-1 
119         E(k) = E(k) + (angle_diff(i) - delta_difference(i))^2; 
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120     end 
121     E(k)=sqrt(E(k)); 
122     fprintf('\nError metric = %8.4f\n', E(k)) 
123     % 
124     %Restore Admittance Matrix 
125     if(br1(k) <Nbuses)  
126        Y(br1(k),br1(k)) = temp1; 
127     end 
128     if(br2(k) <Nbuses)  
129        Y(br2(k),br2(k)) = temp2; 
130     end 
131     if((br1(k) <Nbuses)&&(br2(k) <Nbuses))  
132         Y(br1(k),br2(k)) = temp3; 
133         Y(br2(k),br1(k)) = temp4; 
134     end 
135 end 
136 % 
137 %Find smallest error metric 
138 Minimum = 1000; 
139 for k = 1:Nbranches 
140     if (E(k) < Minimum)  
141         Minimum = E(k); 
142         Branch_Outage = k; 
143     end 
144 end 
145 %Print branch where outage is suspected to have occurred 
146 fprintf('\nOutage at Branch (%2i,%2i)\n', 
br1(Branch_Outage),br2(Branch_Outage)) 
Appendix B Function Powerangles Code 
001 function [delta] = powerangles(Nbuses,G,Y) 
002 %UNTITLED3 Summary of this function goes here 
003 %   Detailed explanation goes here 
004 Z=inv(Y); 
005 %Output Impedance Matrix 
006 fprintf('\nImpedance Matrix') 
007 for i=1:Nbuses-1 
008     fprintf('\n') 
009     for j=1:Nbuses-1 
010         fprintf('%6.2f ',Z(i,j)) 
011     end 
012 end 
013 %Calculate Power Angles 
014 for i=1:Nbuses-1 
015     delta(i)=0; 
016     for j=1:Nbuses-1 
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017         delta(i)=delta(i)+Z(i,j)*G(j); 
018     end 
019 end 
Appendix C MATLAB Simulate Code (Eight-bus system) 
The only code differences between three-bus system and eight-bus system is branch admittances 
(line21-26) and load and generator powers (line 28-30). The power angle changes from actual 
network in degrees from line 83 to 84 need typing under different cases. For example, the list of 
angle change are shown as below, these values are all from table 9 above. 
Table 12 Angle Change from eight-bus system which input into the MATLAB  




















































Appendix D Power Factory Parameters (Three-bus system) 
Generators 
Generator:     11kV   Slack 
Loads 
Bus 1:   250 MW    PF=0.9 lagging 
Bus 2:    MW     PF=0.95 lagging 
Lines 
Cable type1-3: r=0.02Ω/km; x=0.04Ω/km, lengths  
Cable type 1-2:r=0.02Ω/km; x=0.04Ω/km, lengths 
Cable type 2-3:r=0.02Ω/km; x=0.04Ω/km, lengths 
Notes 
     =100 MVA and      = 11kV were used in network analyse; 
     =1.21  
 
Appendix E Power Factory Parameters (Eight-bus system) 
Generators 
Generator 8:     66kV   Slack 
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Generator 1:    460V    1.5MW    Ratings: 460V    10MVA 
Generator 7:    460V    6.0MW    Ratings: 460V    10MVA 
Transformers 
Transformers 1-2 and 3-7:  460V YN/11 KV ∆     10MVA    10% reactance 
Transformer 5-8:                  66KV ∆/11 KV YN      20MVA    7% reactance 
Loads 
BUS 2:   5.5 MW    PF=0.9 lagging 
Bus 3:    4.0MW     PF=0.95 lagging 
Bus 4:    5.0MW     PF=0.95 lagging 
Bus 5:    1.5MW    PF=0.85 lagging 
Bus 6:     1.0MW   PF=0.9 lagging 
 
Lines 









Sbase=10 MVA and Vbase= 11kV were used in network analyse; 
